Medial arterial calcification is accelerated in patients with CKD and strongly associated with increased arterial rigidity and cardiovascular mortality. Recently, a novel in vitro blood test that provides an overall measure of calcification propensity by monitoring the maturation time (T 50 ) of calciprotein particles in serum was described. We used this test to measure serum T 50 in a prospective cohort of 184 patients with stages 3 and 4 CKD, with a median of 5.3 years of follow-up. At baseline, the major determinants of serum calcification propensity included higher serum phosphate, ionized calcium, increased bone osteoclastic activity, and lower free fetuin-A, plasma pyrophosphate, and albumin concentrations, which accounted for 49% of the variation in this parameter. Increased serum calcification propensity at baseline independently associated with aortic pulse wave velocity in the complete cohort and progressive aortic stiffening over 30 months in a subgroup of 93 patients. After adjustment for demographic, renal, cardiovascular, and biochemical covariates, including serum phosphate, risk of death among patients in the lowest T 50 tertile was more than two times the risk among patients in the highest T 50 tertile (adjusted hazard ratio, 2.2; 95% confidence interval, 1.1 to 5.4; P=0.04). This effect was lost, however, after additional adjustment for aortic stiffness, suggesting a shared causal pathway. Longitudinally, serum calcification propensity measurements remained temporally stable (intraclass correlation=0.81). These results suggest that serum T 50 may be helpful as a biomarker in designing methods to improve defenses against vascular calcification.
The extent of vascular calcification is an established predictor of cardiovascular events and mortality risk in patients with CKD. 1 Mineral deposition within the medial layer of the large-and medium-sized muscular arteries is commonly seen with normal aging, 2 but it is markedly accelerated in patients with CKD, representing a key element of the premature vascular aging seen in this population. 3 Calcification of the tunica media leads to stiffening of the arterial wall, 4 which is associated with increased pulse pressure, pulse wave velocity (PWV), and wave reflection. 5 These hemodynamic changes can result in increased cardiac afterload, left ventricular hypertrophy and fibrosis, reduced diastolic coronary blood flow and subendocardial ischemia, abnormal endothelial function, and damage to the microcirculation of the kidney and brain. 6 Exposure of the vasculature to the uremic milieu triggers cellular processes closely resembling physiologic bone formation within the vascular wall and cardiac valves. 7 A key event in this phenomenon is the transdifferentiation of contractile vascular smooth muscle cells to an osteochondrocytic mineralizing phenotype. 8 A number of systemic and paracrine factors important in regulating mineralization in bone have also been identified as potentiators of this process in the arterial wall. Less attention, however, has been paid to the common final pathway of the mineralization process itself-the formation of hydroxyapatite, which may occur as a cell-dependent or purely physiochemical process. In uremic serum, crystalline a hydroxyapatite is present in spindle-shaped high molecular weight protein-mineral complexes termed secondary calciprotein particles (CPP), which are derived from spherical, amorphous calcium phosphate-containing primary CPP. 9 The main protein component in both primary and secondary CPP is fetuin-A (Fet-A), a liver-derived regulator of extracellular matrix mineralization. 10 Serum CPP levels can be estimated indirectly by calculating the difference between Fet-A concentrations before and after sedimentation of the high molecular weight species with high-speed centrifugation, leaving only monomeric or free Fet-A in solution. 11 Higher serum Fet-A reduction ratios (CPP Fet-A) have been associated with declining renal function, increased systemic inflammation (high-sensitivity C-reactive protein [hsCRP]), and procalcific cytokine production in addition to increased coronary calcification scores and aortic stiffness. 11, 12 However, although CPP Fet-A shows promise as a marker of extraosseous mineral stress, there is currently no data linking higher CPP Fet-A levels to patient outcome.
Recently, a novel test was developed that measures the overall calcification propensity of serum. 13 This test is based on timing the transformation of amorphous calcium phosphatecontaining primary CPP to crystalline hydroxyapatite-containing secondary CPP. Primary and secondary CPP are formed sequentially in vitro on the addition of supraphysiologic concentrations of buffered calcium and phosphate solutions to patient serum. The balance of potentiating and inhibitory factors present in each serum sample governs the transformation time (serum calcium phosphate precipitation time [T 50 ]).
In this study, we provide the first analysis of the clinical and biochemical determinants of serum calcification propensity (T 50 ) in a well described prospective cohort of patients with stages 3 and 4 CKD. We examined the relationship of T 50 with longitudinal changes in aortic stiffness and its association with all-cause mortality in this population. We hypothesized that increased serum calcification propensity (i.e., reduced serum T 50 ) would be associated with progressive aortic stiffening and predict poor survival.
RESULTS

Characteristics of the Study Population
Baseline characteristics of 184 individuals in whom T 50 measurements were performed are summarized in Table 1 . Mean6SD estimated GFR (eGFR) was 33611 ml/min per 1.73 m 2 in this predominantly elderly Caucasian male cohort with prevalent systolic hypertension and cardiovascular comorbidity. Conventional serum mineral parameters appeared well controlled and within population-based reference intervals for most patients (adjusted calcium=93%, phosphate=89%, magnesium=78%, and intact parathyroid hormone=50%).
Determinants of Serum T 50
Descending tertiles of serum T 50 were associated with female gender and lower eGFR, hemoglobin, serum albumin, and plasma pyrophosphate levels as well as higher serum phosphate and ionized calcium concentrations (Table 1) . Notably, Serum T 50 was more strongly associated with mono Fet-A concentrations (r=0.54, P,0.001) than total serum Fet-A levels (r=0.35, P,0.001). Serum CPP Fet-A concentrations were also strongly correlated with serum T 50 (r=20.47, P,0.001) but only weakly and inversely correlated with mono Fet-A (r=20.18, P=0.01). After multivariate modeling, serum T 50 remained associated with albumin, phosphate, ionized calcium, pyrophosphate, mono Fet-A, and CTx, explaining more than 49% of the variation in T 50 at baseline ( Table 2) . Scatter plots for these covariates are shown in Figure 1 . Although serum magnesium concentration was not associated with serum T 50 , even in univariate analysis, inclusion in the final model improved fit (F test, P=0.02). Cardiovascular comorbidity, lower eGFR, and higher CPP Fet-A concentrations showed marginal significance in this fully adjusted model.
Association of Serum T 50 with Progressive Aortic Stiffening
At baseline, descending tertiles of serum T 50 were associated with higher aortic PWV (APWV) ( Table 1) . Linear regression analysis also revealed an inverse association between APWV and serum T 50 that was maintained after adjustment for age, mean arterial pressure (MAP), heart rate, and eGFR (per 1 SD decrease in T 50 , 0.56 m/s; 95% confidence interval [95% CI], 0.17 to 0.95 m/s; P=0.005). We previously reported that CPP Fet-A was a significant determinant of APWV 12 ; however, despite the strong association between serum T 50 and CPP Fet-A, the effect of serum T 50 on APWV was not significantly attenuated by the addition of CPP Fet-A to the model (0.51 m/s; 95% CI, 0.16 to 0.87 m/s; P=0.005). Together with age, MAP, eGFR, and CPP Fet-A concentration, serum T 50 explained 39% of the variation in baseline APWV in the whole cohort of 184 individuals. The longitudinal measurement of APWV at 6-month intervals, available in 93 patients, allowed us to evaluate whether baseline serum T 50 was also predictive of changes in APWV over time (APWV slope). APWV slope was based on four measurements from baseline to 30 months, and a $20% increase in APWV from baseline was considered evidence of progressive aortic stiffening (equivalent to a mean increase of 1.0 m/s per year). Compared with the overall study cohort, this subgroup was younger (mean age=6469 years), had lower baseline systolic BP (145612 mmHg), had higher eGFR (3668 ml/min per 1.73 m 2 ), and had less cardiovascular comorbidity (40%). Progressive aortic stiffening was observed in 31 (33%) patients, and it was associated with lower baseline eGFR, pyrophosphate, and T 50 and higher baseline age, MAP, APWV, phosphate, hsCRP, CTx, and CPP Fet-A (Table 3 ). In multivariable-adjusted logistic regression analysis, a lower baseline serum T 50 remained associated with increased likelihood of aortic stiffening along with higher age, MAP, hsCRP, APWV, CTx and lower pyrophosphate concentration (Table  4) . In this adjusted analysis, the association of aortic stiffening with baseline eGFR and CPP Fet-A concentration lost significance.
Prediction of All-Cause Mortality by T 50
During a median follow-up of 5.3 years (interquartile range=3.0-5.9), 43 patients died. Univariate survival analyses according to tertiles of serum T 50 and related determinants are presented in Supplemental Figure 1 . Descending tertiles of serum T 50 remained associated with an increased risk of all-cause mortality after sequential adjustment for patient demographics (model 1), eGFR and proteinuria (model 2), serum phosphate (model 3), and cardiovascular-related risk factors (model 4). Additional adjustment for baseline determinants of serum T 50 (mono Fet-A, albumin, ionized calcium, magnesium, pyrophosphate, and CTx concentrations) failed to significantly attenuate the association with risk of all-cause death (model 5) (Table 5 ). Finally, in another exploratory modeling step, the addition of MAP-adjusted APWV to the model was found to completely attenuate the association between descending tertiles of T 50 and outcome (model 6). APWV, however, remained associated with allcause mortality after these adjustments (high versus low tertile; hazard ratio, 2.35; 95% CI, 1.03 to 5.37; P=0.04). Considering serum T 50 on a continuous scale, each 1 SD reduction (95 minutes) was associated with a 39% (95% CI, 10%-87%) increase in the risk of all-cause mortality independent of demographic, renal, phosphate, and other baseline determinants (albumin, magnesium, pyrophosphate, ionized calcium, mono Fet-A, and CTx) as well as cardiovascular risk factors (not including APWV). Applying a similar hierarchical modeling procedure to CPP Fet-A, increasing CPP Fet-A concentrations and ascending tertiles of CPP Fet-A remained associated with outcome after adjustment for demographic, renal, and cardiovascular covariates but lost significance after additional adjustment for serum hsCRP concentration (Supplemental Table 1 ).
Apart from serum CTx concentrations, the other determinants of baseline serum T 50 were not associated with outcome, even in univariate analysis (Supplemental Figure 1) . However, we found that phosphate, magnesium, pyrophosphate, mono Fet-A, and CTx concentrations (stratified by the median value) significantly modified the association between serum T 50 and mortality, whereas ionized calcium concentration did not (Table 6) .
To evaluate the discriminative performance of serum T 50 in predicting the risk of all-cause mortality, we constructed receiver operating characteristic curves as depicted in Figure 2 . 
Longitudinal Variability of Serum T 50
Finally, we considered the longitudinal variability of serum T 50 in those patients who completed 2 years of follow-up (four serial readings) and also had concomitant measurement of serum phosphate concentration at the same 6-month time points (n=68). This subgroup was enriched for survivors, and compared with the overall study cohort, individuals in this group were generally younger (mean age=65610 years), had better baseline renal function (eGFR=36610 ml/min per 1.73 m 2 ), and had fewer cardiovascular comorbidities (38%). The total variation of each variable comprises between-and within-subject components, with the latter arising from a combination of true biologic variability and analytical imprecision. 14 To assess the range of within-subject variance for serum T 50 ( Figure 3A ) and phosphate ( Figure 3B ), measurements were rank ordered by each individual's mean value.
Overall, the within-subject variability for serum T 50 was less pronounced than for serum phosphate concentration, and it showed a trend to greater variability at lower values. Within-(s w ) and between-subject (s b ) components of variance were estimated using a random effects ANOVA model, and they are depicted in Table 7 . Intraclass correlation coefficients (ICC) were also derived for each variable, which expresses the fraction of total variation explained by between-subject variation. A higher ICC indicates greater measurement stability in individual patients over time. Serum T 50 measurements yielded a significantly higher ICC compared with phosphate as indicated by the almost nonoverlapping 95% CIs.
DISCUSSION
In this prospective long-term study of predominantly elderly hypertensive patients with stable mild to moderate CKD, increased serum calcification propensity (reduced T 50 ) was independently associated with an increased future risk of all-cause mortality. Serum T 50 was also independently associated with progressive aortic stiffness, an important intermediate cardiovascular end point and downstream consequence of enhanced vascular calcification. CPP Fet-A concentration, however, was found to be an inflammation-associated risk factor for future risk of death.
In baseline cross-sectional analysis, reduced serum T 50 was associated with lower Fet-A, magnesium, and pyrophosphate concentrations-three inhibitors of vascular calcification 15-17 -and higher phosphate and calcium concentrations-promoters of vascular calcification. 18 Variation in this novel measure of overall serum calcification propensity, therefore, seems consistent with the putative action of these factors. Reduced serum T 50, like CPP Fet-A, 12 was, furthermore, independently associated with increased serum CTx concentrations, an indicator of bone oesteoclastic activity. This finding is consistent with epidemiologic data in dialysis cohorts, where loss of bone mineral density has been correlated with increased mineral deposition within the arterial wall and soft tissues. [19] [20] [21] Fet-A is a potent regulator of extracellular matrix mineralization and the major serum-based inhibitor of calcium phosphate precipitation. 10 In serum, Fet-A is a heterogeneous mixture of monomeric species either as free protein or in complex with calcium phosphate ion clusters and in macromolecular structures called CPP. Here, we have assessed these mono and polymeric species independently of one another. In the present study, serum T 50 was most convincingly associated with the mono Fet-A fraction. This finding makes mechanistic sense, because only the free unbound protein would be expected to participate in de novo CPP formation, as triggered by the addition of high calcium and phosphate in this ex vivo test of serum. Similarly, ionized calcium, rather than total or albumin-adjusted concentration, was most closely related to serum T 50 .
The association between CPP Fet-A and all-cause mortality was lost after adjustment for hsCRP, suggesting CPP Fet-A to be an inflammation-related risk factor. Our recent in vitro work adds biologic plausibility to this idea, where we found that exposure of murine macrophages to high levels of CPP induced a sustained proinflammatory response. 9 Indeed, proinflammatory cytokines, such as TNF-a, are considered important drivers of vascular smooth muscle cell osteochondrocytic conversion and mineralization. 22 Unlike CPP Fet-A, 12 however, serum T 50 , was only weakly associated with TNF-a and hsCRP concentrations, and inclusion of either of these parameters in Cox regression analysis did not attenuate the strength of the relationship between serum T 50 and death (data not shown). On the contrary, inclusion of hsCRP into a combined model with T 50 yielded a significant increment in the AUC of the receiver operating characteristic curve. Serum T 50 may, therefore, more accurately reflect the physiochemical determinants of mineral crystal growth and aggregation in solution rather than the proposed cellular inflammation-driven pathways of arterial calcification. Since the relative importance of cellular involvement and physiochemical processes in mineral deposition in CKD is unclear, additional work in human arteries from adult CKD patients is needed to address these questions and determine their presence and activity in older patients with longer cumulative exposure to injurious vascular toxins.
After multivariate adjustment for other baseline covariates, the association between serum T 50 and CPP Fet-A failed to maintain significance (P=0.06). Thus, endogenous CPP load does not seem to be a major determinant of current serum calcification propensity as determined by this test. This finding seems logical, because the T 50 result is based on the maturation times of primary to secondary CPP, 13 whereas the endogenous CPP Fet-A concentration mainly reflects the abundance of CPP already circulating in uremic serum. 9 Importantly, this finding does not preclude the possibility that CPP may initiate or drive mineralization in the arterial wall, and this hypothesis needs to be tested.
Taken together, the available data suggest that CPP Fet-A measurement provides a current or retrospective measure of extraosseous mineralization stress, whereas serum T 50 better defines the future calcification risk largely related to common mineral and bone factors. Therefore, serum T 50 and CPP Fet-A potentially capture different but complementary aspects of CKD patient risk. Indeed, the significant increment in AUC observed with serum T 50 combined with CPP Fet-A points to the value of considering both parameters concurrently.
Serum calcification propensity is evidently governed by the activity of numerous humoral and cellular factors that either promote or inhibit mineralization through their effects on crystal nucleation and growth. 7 The balance between these opposing forces is, therefore, inherently difficult to gauge by measurement of a single protein or molecule because of the multifactorial nature of the mechanisms driving mineralization. Rather than focus on individual elements, calcium phosphate precipitation may be a more attractive target and a functional and direct measure of this terminal event itself. Timing the transformation of nascent primary CPP to mature hydroxyapatite-containing secondary CPP, a nanoscale mineralization phenomenon, may represent such a tool and a window to the physiochemical disturbances within the arterial environment. In a single measure, T 50 ascertainment provides a readout of the equilibrium point of calcification processes within the extracellular fluid; thus, it may represent a more powerful predictor of patient outcome, because it better defines the overall tendency to calcify. Consistent with this notion, apart from CTx concentration, the major determinants of serum T 50 (namely phosphate, albumin, ionized calcium, mono Fet-A, and pyrophosphate concentrations) were also not by themselves predictive of the study end point. Although this finding might reflect an inability to detect the small effect associated with each of these variables on outcome because of the moderate study size/event rate, it also supports the utility of the functional composite measure T 50 . Importantly, however, phosphate, pyrophosphate, magnesium, mono Fet-A, and CTx concentration were found to significantly modulate the association between T 50 and outcome. In this context, it is also noteworthy that the aforementioned baseline determinants of serum T 50 only accounted for approximately 50% of the variation in this parameter; thus, other species that modulate CPP maturation await identification. At least in the stages 3 and 4 CKD setting, another characteristic that may favor the use of serum T 50 as a predictive risk marker is its marked between-individual variance but apparent stability over time in the same individual.
A limitation of the present study is the lack of vascular imaging to provide a correlate of serum T 50 and the severity of arterial calcification. Instead, we have shown a robust association with APWV, the gold standard measure of aortic stiffness, 23 at baseline and despite survivor bias, longitudinally as well. Aortic calcification has been strongly associated with APWV, 4,24-26 and as confirmed here, it is itself independently predictive of patient outcome in predialysis CKD. 27 Importantly, our analysis suggests that the risk associated with reduced T 50 and all-cause mortality is on the same causal pathway as the risk associated with elevated APWV, because inclusion of APWV fully attenuated the relationship of T 50 and outcome. Nonetheless, we readily acknowledge that analysis of arterial calcification scores may have provided additional mechanistic insight in this context.
Another limitation is that the moderate study size/event rate did not permit evaluation of the relationship of serum T 50 with cardiovascular and noncardiovascular causes of death separately. Furthermore, it should be acknowledged that CPP Fet-A measurement itself is constrained by stringent analytical requirements, necessitating very high precision and rigorous control of preparative ultracentrifugation. Even with these efforts, 14 (7%) patients had CPP Fet-A concentrations below the limit of quantitation (7.5 mg/L), which may have contributed to the loss of signal observed in multivariable-adjusted survival analysis.
In summary, we have provided evidence that serum T 50 , a novel and global measure of extracellular calcification potential, is principally dependent on serum phosphate and mono Fet-A concentrations in human CKD. We also report here, for the first time, that increased serum calcification propensity was independently associated with progressive aortic stiffening and an increased risk of all-cause mortality in this setting. Serum T 50 ascertainment seems to improve prognostication beyond single protein or molecule measurements. Additional studies are needed to corroborate these findings and evaluate whether therapeutic targeting or manipulation of serum T 50 and its determinants might provide patient benefit.
CONCISE METHODS
Study Design and Population
The Arterial Compliance And oxiDant strEss as predictors of rate of loss of renal function, morbidity and Mortality In CKD study was a single-center, prospective, observational study examining aspects of cardiovascular risk in a cohort of 200 individuals with stages 3 and 4 CKD. 28, 29 A detailed study description with inclusion and exclusion criteria is provided in Supplemental Material. These patients were recruited from nephrology outpatient clinics at Brighton and Sussex University Hospitals National Health Service Trust, United Kingdom, between March of 2006 and September of 2009. Patients were followed prospectively until they died, they started renal replacement therapy, or the observation period ended. Samples were collected at entry to the study and biannual follow-up visits concomitant with clinical and vascular assessments. Samples taken for standard clinical practice were analyzed immediately at the central Brighton and Sussex University Hospitals pathology laboratory, and additional aliquots were stored for future testing. Standard biochemical analysis was performed using routine automated analyzers as described in Supplemental Material. Because of limited availability of stored serum samples at the study enrollment visit, the present analysis is restricted to participants who had samples available for measurement of serum calcification risk factors at the 6-month visit (n=184). We used clinical and laboratory data collected at this 6-month visit as covariates in all subsequent analyses. Underlying causes of renal dysfunction in this cohort were hypertension (n=70), diabetic nephropathy (n=10), chronic GN (n=28), vasculitis (n=14), interstitial nephritis (n=7), cystic kidney disease (n=8), obstructive or congenital disease (n=21), and unknown (n=26). Participants gave written informed consent, and the study was approved by the West Sussex Research Ethics Committee (5/Q1911/89) and conducted in accordance with the Declaration of Helsinki.
APWV Assessment
APWV measurement was performed using Complior (Colson, Les Lilas, France) according to best practice guidelines as previously described. 29, 30 The progression of aortic stiffening (DAPWV) was evaluated in individuals with APWV readings at four consecutive study visits from baseline using linear mixed modeling. APWV slopes were non-normally distributed, and qualifying patients (n=93) were categorized into two groups: patients with an APWV slope$20% (progressors) and patients with an APWV,20% (nonprogressors).
Serum Calcification Propensity Test
The serum calcification propensity test was performed using a Nephelostar nephelometer (BMG Labtech, Offenburg, Germany) as previously described. 13 All serum samples were measured in a blinded manner at the Department of Nephrology and Hypertension, University Hospital Bern, Bern, Switzerland. Data were processed by calculating the precipitation time T 50 from nonlinear regression curves. Samples were measured in triplicate. The analytical coefficient of variation of a pooled serum precipitating at 270 minutes was 8.3%.
Fet-A Measurements
Serum Fet-Awas measured by ELISA (Biovendor, Brno, Czech Republic) as previously described. 12 Briefly, total Fet-A concentration was measured after centrifugation of clotted blood samples (10 minutes at 20003g at 4°C). Aliquots of each serum sample were then subjected to additional centrifugation at 24,0003g for 2 hours at 4°C in sealed tubes, and the supernatant was reanalyzed for Fet-A using the same ELISA assay. For total serum Fet-A measurements, samples were diluted 1:10,000 in dilution buffer as recommended by the manufacturer. Supernatants were assayed after 1:8500 dilution in the same buffer. CPP Fet-A was then calculated by the difference in total serum Fet-A and supernatant mono Fet-A concentration: CPP Fet-A=total Fet-A2mono Fet-A. Between-batch imprecision was 2.6% at 30 mg/L, and the limit of detection was 1.1 mg/L. All measurements were made in triplicate. Sample dilutions, reagent additions, incubations, and photomeric readings were performed using an automated DS2 ELISA processing system equipped with disposable tips (Dynex, Chantilly, VA). The limit of quantitation for CPP Fet-A estimation was 7.5 mg/L.
Exposures and Outcomes
The primary exposure was baseline serum T 50 , and the secondary exposure was CPP Fet-A concentration. The outcome measure for this analysis was time to death from any cause that occurred after the 6-month follow-up visit and before censoring in November of 2012. Survival data were gathered prospectively during the study. The survival status of patients was then confirmed using electronic hospital computer records.
Statistical Analyses
Demographic, cardiovascular, and biochemical factors were compared across tertiles of baseline serum T 50 using one-way ANOVA, Kruskal-Wallis test, and chi-squared test as appropriate. Parathyroid hormone, CTx, hsCRP, and TNF-a concentrations showed a skewed distribution and were natural log transformed before additional analysis. Determinants of baseline serum T 50 were evaluated using linear regression models. Continuous baseline predictors were standardized and expressed per 1 SD increase. Because clinical correlates of serum T 50 have not been previously defined, all covariates with a P value ,0.10 in univariate analysis were entered simultaneously into the final multivariable model. Models were tested for colinearity using variance inflation factors and stability of the regression coefficients. We observed significant colinearity between total and mono Fet-A and between total and ionized calcium concentrations, and these variables were modeled separately. The association between baseline APWV and serum T 50 was analyzed using multiple linear regression adjusted for known determinants of APWV: age, eGFR, MAP, and heart rate. 30 Multiple logistic regression was used to evaluate the relationship between APWV progression (dichotomized into ,20% or $20% increase from baseline over 30 months) and baseline serum T 50 adjusted for the above prespecified covariates and other factors significantly associated with APWV progression in univariate analysis: baseline APWV, hsCRP, CPP Fet-A, phosphate, pyrophosphate, and CTx concentrations. We analyzed the risk of all-cause death according to these exposures on a continuous scale (per 1 SD increment) and across tertiles to account for nonlinear effects. The Kaplan-Meier method was used to present unadjusted univariate analyses, and we tested for trends with log-rank tests. After confirming the proportionality assumption using Schoenfeld residual and log-minus-log survival plots, Cox proportional hazard models were used to adjust for confounding. The multivariable modeling strategy was hierarchical, prespecified, and consistent for both primary and secondary exposures. For analysis according to tertiles, the highest tertile served as the reference category for serum T 50 , and the lowest tertile served as the reference group for CPP Fet-A. Five sequential sets of covariates were considered: model 1 included age and sex; model 2 included covariates from model 1 plus eGFR and proteinuria; model 3 included covariates from model 2 plus phosphate concentration; model 4 included covariates from model 3 plus history of preexisting cardiovascular disease, systolic BP, and smoking status; and model 5 included covariates from model 4 plus previously identified determinants of each exposure (for serum T 50 , analyses were further adjusted for albumin, magnesium, pyrophosphate, ionized calcium, mono Fet-A, and CTx; for CPP Fet-A, analyses were adjusted for hsCRP concentration). In separate analyses, exclusion of those patients receiving calcium supplementation did not significantly affect the modeling (data not shown). Potential modifiers of the association between serum T 50 and mortality by selected baseline confounders were evaluated by introducing interaction terms into the model and tested by the likelihood ratio test. The AUC was calculated to compare prognostic value of each exposure using the nonparametric method of DeLong et al. 31 Variance components (within-subject variance [s . 32 All analyses were performed using Stata Release 12/IC (College Station, TX), and two-sided values of P,0.05 were considered statistically significant. from Amgen and Roche. S.G.H. has received honoraria from Amgen, Baxter, Gilead, and Shire. A.P. has received research funding from Köhler Chemie. M.L.F., L.A.T., E.B., S.F., and C.R. do not have any competing financial interests.
